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THE LASER IN CANADA: IMPLICATIONS FOR EMPLOYMENT 


A PRELIMINARY EXAMINATION 


1.0 INTRODUCTION 


The laser is a novel source of electro-magnetic radiation extending from 
the ultra-violet to the far infra-red. This radiation differs from that from 
conventional sources in two important respects. First, although there are 
lasers which can produce radiation almost anvwhere within this broad 
range the radiation of any individual unit is confined to a very narrow 


band, being very close to a single frequency. 


The source of the radiation is the emission of photons as electrons in 
atoms or molecules lose quanta of energy acquired from some external 
source. Exactly the same mechanism is responsible for the light from a 
fluorescent lamp but in this case the photons are emitted in a random 
fashion and the resulting light is said to be incoherent. In a laser, each 
wavelet is exactly in phase with all others and the light exhibits the 


second important difference, that of coherence. 


These two characteristics make it possible to focus the energy in the light 
of a laser very precisely to a small spot. By thus concentrating the 
energy, relatively modest amounts can produce local heating sufficiently 
intense to melt or even vapourize most materials. The light can also be 
made to form a beam which is almost perfectly collinear, that is it spreads 
only very slightly with distance. This makes it possible to produce heat- 
ing effects at a considerable distance from the source, or the beam itself 
can be used for remote alignment and positioning, or modulated, can serve 
as a means of communication. The purity of frequency of the radiation is 
also useful in making precise measurements and in certain sophisticated 


optical and photographic techniques. 


2.0 HISTORICAL DEVELOPMENT 


The laser was originally conceived in the late 1950's as being an extension 
to the visible part of the electromagnetic spectrum of a phenomenon demon- 
strated some years before in the microwave region. By mid 1960 a pulsed 
beam of collimated red light at a wavelength of 0.6943 micro-metres was 


produced using a ruby rod as the lasing medium. 


By about a year later another significant advance had been made with the 
demonstration of the first gas laser utilizing a mixture of helium and neon. 
It was capable of continuous, as distinct from pulsed, operation and pro- 


duced radiation in the infra-red. 


In the following year the same medium was made to operate in the visible 


spectrum. 


In this same vear, 1962, a totally new type, the semi-conductor laser, was 
invented. Unlike the units which preceded it the semi-conductor laser was 
very small physically and developed tiny amounts of output energy but for 
the purpose for which this was intended a small power level was adequate. 
It was the rate at which it could be switched which was important. Develop- 
ment over the next two decades have made possible an entirely new mode 


of communication. 


Also during the 1960's most of the practical applications which are now 
being made were first proposed. That the actual use in industry has been 
delaved for a decade or more was due in large measure to the difficulty of 


developing industrial tools from laboratory devices. 


3.0 APPLICATIONS 


The list of industrial, medical and scientific processes to which the laser 


has been applied is a long one. They fall into a much smaller number of 


broad categories, but in considering the labour implications it is important 
to retain the focus upon the specific rather than the general. For 
example, using a laser cutting tool to cut wafers of silicon in the 
manufacture of large scale integrated circuits, would be in the same gen- 
eral grouping of applications as the use in cutting the fabric from which 
men's suits are made. However, the two could well have quite different 
effects on the demand for labour and the nature of the skills required by 
the workers in the industry concerned. Thus the list which follows serves 
mainly to indicate the scope of the problem which must be addressed in 
making any judgement about how this relatively new and exciting develop- 


ment may affect Canada's employment picture in the years ahead. 
3.1 INDUSTRIAL USES OF LASERS 
3.1.1 Introduction 


The laser has gradually become an important industrial tool making possible 
some operations which could not be performed at all without it and doing 


others more economically than by conventional means. 


In general lasers are most likely to be chosen where the material to be 
worked on is very hard, brittle or is difficult to process bv other methods 
for other reasons, or where extreme precision in cutting or drilling is 
necessarv. Because the heating effect of a laser beam can be confined to 
a tiny area of a workpiece it makes possible such operations as welding on 
assemblies where some of the parts are sensitive to heat. The specific 
operations described briefly below represent only a sample of those which 


lasers now perform routinely or for which they are being considered. 
3,152 Drilling 
When the beam of a laser with an average power of only some tens of watts 


is focussed onto an area, a small fraction of a millimetre in diameter, the 


intensity at the spot is measured in billions of watts per square centi- 


metre. This is sufficient to vapourize most materials and a tiny crater is 
formed at the point. Depending upon the material thickness, the actual 
power level of the beam and a number of other factors, the hole may 


perforate the material or penetrate it only partially. 


Hole drilling with lasers has several important advantages. Material as 
hard and difficult to cut as diamond or sapphire are easily penetrated by 
the beam. In other applications it is the opposite attribute of the material 
which makes the use of a laser the method of choice. The rubber nipples 
for baby's bottles require a tiny hole and because of their flexibility are 
difficult to deal with, a laser having no direct contact, performs the task 
readily. The paper for some cigarettes is perforated with tiny holes to 
control the temperature of the smoke in order to reduce the level of tar 


and other carcinogens and this too is done with lasers. 


There are limitations however. The depth of holes, particularly in metals, 
is limited by the presence of the vapour of the solid material within the 
cavity, because this shields the base of the hole. Increasing beam power 
or the pulse length, deepens the hole up to a point, but general heating 
of the work area, re-solidification of material at the top of the hole and 
irregularity in hole diameter set the final limit, which is probably about 


1.5 ems. for metals. 


3.1.3 Cutting 


Cutting with a laser beam is an extension of the drilling operation, 
achieved by movirg either the beam or the work piece and both methods 


are used. 


Cutting with a laser is easier than drilling in many respects. There is 
often less concern about the finish of the cavity and because the material 
is to be fully perforated, a jet of oxygen can enhance the cutting power in 
metals. Where the finish of the cut edge of flammable materials is critical, 


a jet of an inert gas can be used. 


Almost any material can be cut with a laser beam but to be economic it 
must offer some practical advantage over other processes. It does so in 
cutting and trimming silicon, ceramic, sapphire and other non-metallic 
substrates for electronic components where the extreme precision with 
which the cut can be made is an important factor. Some cuts which are 


made with lasers in these materials could be done in no other way. 


Cloth can be readily cut by any of several means but a laser beam posi- 
tioned by a computer offers a means of cutting complex shapes easily and 
accurately. The method is being used by manufacturers of men's clothing 
who typically require only a small number of suits of a particular material 
and size. The laser easily makes the cuts in a single thickness of cloth, 
leaving a neat non-ravelling edge. Because women's clothes tend to be 
preduced in larger quantities in a given fabric, cutting more than 


‘one-high' is usual and a laser is not adapted to this. 


Another application to the clothing industry is the making of cardboard 
patterns from which leather for shoes is to be cut. Variations in its 
densitv and thickness make cutting of the leather itself difficult with a 


laser. 


Precision cutting of non-metallic materials is also required in the manu- 
facture of steel-rule dies. These are used to cut complex shapes in sheet 
stock of various kinds, the cardboard from which boxes and other pack- 
ages are made being a common example. The die operates exactly like a 
cookie cutter and is made by setting steel strip into a groove cut in 
plywood or some similar material. The grooves can be cut by a router but 


a laser beam can do it more quickly and with greater precision. 
3.1.4 Stripping 
The ability of a laser beam to vapourize material is applied to other indus- 


trial tasks. The insulation on some wire is very difficult to remove by 


most methods but vields readily to the laser beam. 


The resistance element in electronic circuits may consist of a film of 
carbon or other material deposited on a non-conductive substrate. Cutting 
through the film so as to leave a narrow ribbon of the conductive film 
makes it possible to produce a resistor of almost any required value. If 
this is done with a laser beam the resistance can be monitored during the 
cutting. By this means resistors accurate to within 0.1 per cent of the 


desired value can be made. 


The beam can also be used to produce a perfectly clean surface for the 
vacuum deposition of a film of metal or other material or for any other 


process requiring a surface free of foreign substances. 


3.1.5 Dynamic Balancing 


Components to be rotated at high speed must be precisely balanced if 
excessive vibration and bearing wear is to be avoided. To achieve this 
balance using conventional processes it is necessary to rotate the part, 
identify the portion from which weight must be removed, stop the rotation, 
remove some material and repeat until a satisfactory balance is obtained. 
Using a laser, a beam can be directed to the rotating part and a short 
pulse of energy delivered while the part is actually spinning. This burst 
of laser light can be so short, a few millionths of a second, that even at 
rotational rates up to 24,000 r.p.m. the distance travelled during it is 
very small and the weight removed comes from essentially one spot. The 
amount of material removed would typically be of the order of a milligram 


per pulse. 
3.1.6 Welding 


Lasers are now used extensively for specialized welding tasks. These 
include the welding of terminals to large scale integrated circuits, the 
'chips', which are the active component in many miniature electronic de- 


vices such as calculators, mini-computers and electronic games. 


At higher power levels they are used for welding larger electronic compo- 


nents such as hermetically sealed relays in which glass feed-throughs 


would be damaged by the heat if any other welding method were used. At 
somewhat higher power levels lasers are employed in welding refrigerator 
doors so cleanly and neatly that no final finishing is required before 
painting. 


At still higher levels of power, inch thick stainless steel plates may be 
welded at speeds up to 60 inches per minute. Experiments on two inch 
thick material using a laser power of 80 kW have shown that even on this 


thickness speeds of over 60 inches per minute are attainable. 


Welding of ordinary mild steel under typical industrial conditions is usually 
done more cheaply with conventional welding techniques but this is not 
necessarily the case. The ability to direct a beam into a difficult to reach 
corner may make laser welding more attractive than any alternative. 
However, not all such applications turn out well. The Ford Motor Car Co. 
purchased a large and complex system designed to weld car underbodies. 
It proved to be impractical because of variations in components which 
would have been acceptable for resistance welding where the electrodes 


provide clamping forces during the weld cycle. 


Welding dissimilar metals or those with very low melting points such as 


lead is often easier with a laser than by any other means. 


The welding of large diameter pipe for oil and gas pipelines both in the 
plant where it is manufactured and in the field is a demanding task. The 
quality of the weld is critical because the failure of a joint would neces- 
sitate shutting down the line while repairs were being made, to say noth- 
ing of the risk of environmental damage or the hazard to life and pro- 


pertv. 


The difficulties and costs of repairs are compounded if the pipeline is in a 
remote location, is buried or under water. Because of these factors it is 
usual to subject each inch of weld to x-ray examination and reject rates as 


high as 70 per cent have been reported. 


Lasers offer a solution to these problems. The weld produced is inher- 
ently better, the entire operation can be automated and the quality of the 
work maintained with much greater assurance than with manual welding. 
These advantages apply even when the metal to be welded is one of the 
new high alloy steels which are virtually impossible to weld with conven- 
tional techniques. Although the equipment is expensive it is fast and 
offers saving in labour costs. Finally no weld rod or other filler metal is 
required and this represents a _ significant reduction in costs. For a 


further discussion of this see Section 5.0 below. 
3.1.7 Surface Hardening 


Many metals can be hardened by an appropriate cycle of heating and 
cooling. This comes about because of changes in grain size or in the way 
in which the various components are distributed throughout the material. 
When the entire part is heated, as it is in most hardening processes, it 
mav be distorted, or in the case of assemblies of more than one material 
the temperature regime which is optimum for one may not suit another. A 
laser is capable of producing local heating without changing the tempera- 
ture of the entire part to any great extent, so avoiding distortion or 


damage to an adjacent component. 
3.1.8 Cladding 


The process of forming an alloy on the surface of a component is similar to 
hardening with the addition of a powdered metal to be fused as a film on 
the surface. This can change the wear resistance or other characteristic 
of a part and because the heat, while intense, is applied for only a short 


time, distortion is reduced or even avoided altogether. 
3.1.9 Marking and Engraving 
The ability of a laser beam to vapourize the surface of a target is utilized 


in one of two ways in marking alpha-numeric or other characters on parts, 


assemblies or packages of almost any type. 


The more obvious of these, using the beam to 'write' in the same style as 
a dot matrix printer is very flexible and can be controlled manually from a 


keyboard or by a computer. 


The alternative method is akin to stencilling. Instead of using a sharply 
focused beam, a broader beam floods the area on which the marking is 
required. A mask with the desired information cut out interrupts the 
unwanted parts of the stream of photons and all the characters which are 


cut out in the mask are marked at once. 


In order to increase the flexibility of this method, a rotating disc with a 
selection of characters cut out may be used in place of a fixed mask. The 
instantaneous position of the disc is sensed and the information fed to a 
microcomputer which fires the laser when the desired symbol is in the 
correct position. Because the length of the pulse is of the order of a 
microsecond, there is negligible blurring caused by mask motion during the 


pulse. 


The method involving the use of a mask is much less expensive than the 
dot matrix approach and is widely used for code dating perishable pro- 
ducts. The rotating mask lends itself to the marking of manufacturer's 
product codes on packaged goods or to piece parts during the manufactur- 


ing process. 
3.1.10 Measuring and Inspecting 


The coherence of the Jight from a laser can be emploved in a number of 
different ways in precision measuring. These depend upon the fact that 
when reflected parts of the beam recombine with the incident rays the sum 
is dependent upon the difference in path length that the two parts have 
followed. If this is an even number of half wave lengths the waves will be 
in phase and the light will be maximum, if the difference is an odd number 
the waves will be out of phase and the light will be minimum. The result- 
ing interference pattern of light and dark can be interpreted to provide 


information about the nature of the reflecting surface. 


CO 


The surface roughness of components which are apparently perfectly 
smooth, produces a random pattern referred to as 'speckles' and the 


nature of the pattern says something of the surface condition. 


More sophisticated inspection techniques employing holograms can show how 
a part distorts under stress and by changes in the pattern, identify areas 


of stress concentration which could lead to eventual failure. 


3.2 COMMERCIAL APPLICATIONS 


Cne of the most rapidly growing areas of laser application is in supermar- 
ket check-outs. A laser beam scans the product identification code and 
enters the information in the computer which has current price information 
stored in its memory. As items are passed over the scanner, the cus- 
tomer's bill is prepared showing the description of the article purchased 
and the price charged. At the same time the store's inventory record is 


revised to show that the stock has been reduced by the sale. 

3.3 CHEMICAL USES 

3.3.1 Introduction 

The laser is now being used extensively in research work in chemistry and 
offers promise of application in such sophisticated chemical fields as isotope 
separation. 

3.3.2 Spectroscopy 

Among the research uses of lasers is Raman spectroscopy. In this the 
spectral lines resulting from the scattering of energy by molecules help the 
study of molecular structure or identify the substances present in a 


sample, as for example the pollutants in air. 


Although Raman scattering was known and studied before lasers, the 


purity and intensity of their light is much more satisfactory for the 


re 


purpose than the best which conventional light sources can provide. The 
technique can be used for detecting drugs in body fluids or for measuring 


impurities in other samples. 


In absorption spectroscopy the energy of the beam is absorbed at specific 
frequencies by atoms or molecules in the sample being studied. The 
resulting spectrum shows dark lines corresponding to these frequencies, 
plus or minus the changes caused by the motion of the atoms and mole- 
cules. The lines which result after this Doppler broadening do not neces- 
sarily display all the fine structure corresponding to each molecular reso- 
nance. By using a laser whose frequency can be adjusted over a narrow 
band and appropriate beam splitting techniques the fine structure can be 


revealed. 
3.3.3 Control of Reactions 


The ability to tune a laser to the frequency associated with a particular 
energy transition in a molecule makes it possible to accelerate a desired 
reaction and the ability to limit the duration of the light pulse to a few 
billionths of a second allows the study of reactions which take place in 


times of this order of magnitude. 
3.3.4 TIsotope Separation 


A potential application which might be employed on an industrial scale is 
for the separation of isotopes. Isotopes are atoms of an element which 
have slight differences in atomic weight. They can be separated by 
capitalizing on one of the different ways in which the atoms react to 
external forces. In separation using laser light the difference to be 
exploited is the slight difference in the frequencies absorbed. Thus a 
tunable laser can excite the atom of one isotope while leaving the other 
unaffected. The absorption of energy gives the atom momentum in a 
direction normal to the incident beam thus making physical separation 
possible. The method would appear to offer some energy advantages over 


such others as the gas centrifuge. 
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3.4 LASER COMMUNICATION 
3.4.1 Data Transmission 


One of the problems which until recently seemed intractable was the limi- 
tation on the bandwidth available in the electro-magnetic spectrum for 
communication purposes. It is an unavoidable fact that the rate at which 
information can be transmitted is related to bandwidth and for the high 
rates of information transmission required by the modern world for busi- 
ness and entertainment, the useable portion of the spectrum was becoming 


crowded. 


The response to this crowding had always been to move to higher and 
higher frequencies where the required bandwidth was a smaller fraction of 
the carrier frequency. However, until the advent of the laser, there was 
no means of exploiting the frequencies from the far infra-red on through 


the visible spectrum to the ultra-violet. 


By pulse modulating a laser and transmitting the resulting pulse train over 
an optical fibre, not only does the enormous bandwidth of this portion of 
the spectrum become available but there is freedom from crosstalk which 


plagued multi-circuit telephony, whether carried by wire or microwave. 


There is, as of early 1984, some 300,000 kilometres of optical fibre in 
service in North America and there is little doubt that its use will spread 
rapidly. However, it has been estimated that the value of the telephone 
plant is of the order of 10 billion dollars and this will not be abandoned 
lightly. 


3.4.2 Data Storage 


The demand for the storage of data in machine readable form is expanding 
along with the requirement for its transmission. The laser has heen pro- 
posed as one of the key components in several data storage schemes in- 
cluding the use of thermomagnetic, ferroelectric and photocromic materials. 


Kodak has just announced the availability of a storage disc comparable in 


ak a 


size with the magnetic storage discs used in large computers but with more 


than 100 times the storage capacitv. 


Storage of a somewhat different kind of information is the role of the video 
disc used for the playback of sound and picture information in home video 


equipment again using laser light. 


Using techniques similar to that on the video disc, a card about the size 
of a credit card is used to provide either read-only memory or write and 


read storage for micro and mini-computers. 


Holographic techniques somewhat similar to those used in the inspection 
process mentioned briefly above have also been proposed for data storage 


but are currently not showing great promise. 
3.4.3 Data Processing 


Optical methods using a laser as the source of light can be used to remove 
unwanted detail from photographs and by extension of the method to 
enhance the reproduction from a series of photo transparencies which 
differ only in the amount of random noise in each. Other possibilities 
have been suggested including some which showed promise in the 1960's 


and may yet prove useful. 
3.4.4 Printing and Graphics with Lasers 


Lasers are employed in several commercially available printers useful where 
there is a requirement for a computer print out consisting of many hun- 
dreds of pages. Printers capable of working on line with a high speed 
computer and generating up to 20,000 lines of text per minute are now 


available. 


One machine is operating in Canada (London Free Press) producing half 
tone and photo polymer plates. While few companies other than newspaper 


publishers have a need for such speed and versatility, custom operators 


=e 


handling the work of several firms may be able to justify the cost of such 


machines (approx. $500,000.00). 


As the field expands, lower cost versions, with perhaps, lesser capabilities 


will no doubt become available. 


3.9 SURVEYING 


The preparation of accurate profiles for large scale maps used to require a 
survey crew to chain distances and read levels using parties of at least 
three and frequently four men. One such task completed quite early in 
the history of laser survey equipment (1972) involved mapping a 310 
square mile area in Grand Canyon (U.S.) National Park. With conventional 
equipment, it is estimated it would have required 100 man years but using 


laser equipment it was completed in six man days! 


Laser equipment in which the narrow beam is used for precise alignment is 
employed in construction work to ensure precision in levelling over long 
distances. The same need is met in machines which utilize a laser beam to 


control the level of land being readied for irrigation. 


3.6 LASER TRACKING AND SCANNING 


Lasers are utilized in tracking and range finding in exactly the same way 
in which radar is used, with the added advantage of the greater precision 
associated with the narrow beam width and shorter pulse. Applied to 
measuring the distance to the moon, the accuracy was estimated to he 
within about 15 cms. as of 1974 and it was expected that shorter pulses 


would reduce the probable error to 2 - 3 cms. 


In another application a geodetic satellite carrying reflectors is iNuminated 


with laser pulses from different points on the earth's surface. Because 
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the distance from the earth station to the satellite is read out to within 
about 2 cms., the distance between any two ground stations can be 
computed to about the same degree of precision. Measurements made over 
a period of years will measure the velocity of the movement of tectonic 


plates and may have predictive value in case of earthquakes. 


3.7 MEDICAL USES 


Lasers are being used in several surgical procedures, particularly in 
ophthalmology. They make it possible to deal with detached retinae, 


clouded lenses and fibrous invasion of the vitreous humour among others. 


They are also useful in dermatology for the removal of disfiguring marks 


on the skin or for the treatment of skin cancer. 


They have been applied in dentistry, micro-surgery on organs other than 
the eye and offer some advantages including reduced loss of blood in other 


surgical procedures. 


3.8 MILITARY APPLICATIONS 


The laser is employed in a number of pieces of military equipment for 
range finding and is proposed as a weapon for the interception of missiles. 
Unlike rockets or physical projectiles, a laser pulse travels at a speed of 
about 3 x 101° meters per second (approx. 186,000 miles per second) so 
that no evasive action is possible. It is not known if enough power is 
available to do sufficient damage to ensure a kill under all atmospheric 


conditions and no reliable current information is publicly available. 


An unpleasant weapon designed to blind an observer is proposed for 
defensive purposes and no doubt other military devices are under develop- 


ment. 
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4.0 THE LASER INDUSTRY 


The laser industry is characterized so far by a large number of relatively 
small companies, each of which is trying to achieve a firm position for 
itself in some niche. A survey in January 1983 by one of the leading 
journals in the field, Laser Focus, covered forty companies, most of which 


were in the U.S.A. 


Except for a handful, for which laser production is only one activity 
among others, none would be considered large by the usual standards of 
corporate size, although total sales in North America probably exceeded 
$1.5 billion* in 1983. Of this volume about half, was for various military 
applications, with the remainder divided roughly 60:40 between commercial 
and other than military sales to various levels of government, principally 


to U.S. Federal departments and agencies. 
4.1 NEW MANUFACTURING CONCERNS 


A report on the American industry in one of the leading trade journals, 
(Laser Focus) made the point that there was now very little prospect of 
success for a new manufacturing venture. Most of the promising applica- 
tions of lasers require a very large amount of ancillary equipment so that 
the laser itself may represent ten percent or less of the total sale. Thus, 
in order to compete for a share of this end-use business a firm would have 
to be capable of manufacturing, or at least assembling such complex equip- 
ment as material handling and positioning devices with very sophisticated 
controls. If the OEM market were to be the target it is beginning to 
demand a level of performance reliability that any new enterprise would 
find difficult to provide. There is always the chance that a new invention 


will make it possible to tackle some research problem which until then was 


* The level of sales is influenced by the definition of what a laser 
actually is. As more of the peripheral equipment is included in the 
definition, the apparent sales volume rises. 
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insolvable, or which would offer such a production advantage that sales 
would follow without difficulty. The argument against that, quite aside 
from its improbability, is that this is not an easy time to finance new 
companies and if such an inventor were to appear he would probably sell 


to, or work for, one of the companies already in the business. 


4.2 SALES IN THE CANADIAN MARKET BY FOREIGN SUPPLIERS 


At least two of the larger American companies in the laser field, Coherent 
and Spectra, have sales representation in Canada and others may be 
represented here as well. Allen Crawford Associates which sells for 
Coherent offers only the company's scientific and medical products, the 
American firm retaining sales rights to its industrial product line. A 
similar situation applies with respect to Technical Marketing Associates and 


their principal, Spectra Physics. 


Probably the most far reaching effect of lasers may come about from the 
eventual application of the semi-conductor laser in the communications 
field. Some idea of the possible impact which these devices might have 
can be appreciated from the enormous rate at which data could be trans- 
mitted if they were fully exploited. It has been estimated that the entire 
text of four 30 volume sets of Encyclopedia Britannica could be transmitted 
using a fibre optics link and semi-conductor lasers in one second! The 
expected error rate of transmitting at this rate over a path one hundred 
kilometres in length would be so low that the probable error would be the 
reproduction of one letter in upper case instead of in lower. As the 
demand for transmission links for data, television and other services 
continues to grow it is to be expected that optical transmission will replace 
electrical impulses. This will reduce the demand for copper wire as well 


as changing the skill requirements of manv telephone personnel. 


The rate at which this development is likely to occur is unknown nor is it 


clear how these devices will be introduced. 
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Another application of lasers may become significant in the future although 
it is unlikely to have any great impact on the labour market. The light 
from a laser operating in the visible spectrum and reflected from a surface 
exhibits what is inferred to as speckles due to the destructive and con- 
structive interference caused by the variations in path length associated 
with surface irregularities. This phenomenon can be utilized to 'read' a 
video signal stored as surface irregularities on a disc. Because nothing 
touches the disc surface there is no wear, the laser beam can penetrate a 
transparent protective coating which protects the disc from surface 
scratches and a very high quality reproduction is possible. As in the 
case of the communications lasers above, the way in which these units will 
reach the Canadian market is unknown but they will likely be manufactured 


elsewhere. 


4.3 LASER RESEARCH 


There is active interest in laser research throughout the world. It ex- 
tends from further development of the semi-conductor laser at power levels 
of microwatts to the design of units for high speed welding capable of 
continuous operation at 150 kW and beyond. A great deal of the work is 
being done in the United States but there is considerable research and 
development and limited manufacture in other parts of the world. Jdapan is 
a principal contender, their advances in the fields of semi-conductor and 
high power C0, lasers being noted particularly in the American literature. 
It is probable that a full study of their work in the area would disclose 


additional fields of interest. 


A study of European activity in June 1983 listed 131 institutions carrying 


on research in every aspect of the theory and application of lasers. 


In addition to the five Canadian companies presently in commercial produc- 
tion several Canadian universities (Toronto, York, Alberta and probably 
others) are engaged in investigation of these devices. The National 
Research Council certainly and the Defence Research Establishment pro- 


bablv, are doing basic research but the development which just might have 
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the greatest potential for affecting the labour market is going on in 
Edmonton, Alberta and in Richmond, B.C. 


4.3.1 Majestic Lasers Incorporated 


This is a wholly owned subsidiary of Majestic Contractors Ltd. of 
Edmonton. The parent company carries on a world-wide contracting 
business devoted largely to the petroleum industry; pipelines, terminals 
and refineries are typical of the projects undertaken. The companies own 
experience with the difficulty of producing satisfactory welds under field 


conditions led them to establish the laser subsidiary about two years ago. 


The laser itself is operating and present activitv is centred on the robotics 
to manipulate the workpieces, to position the welding head and to perform 


the necessary inspections of the finished weld. 


The laser is a CO 


output power. This would give it a welding speed of one to two metres a 


9 type capable of some ‘tens of kilowatts’ of continuous 
minute on steel typical of large diameter pipe, a speed considerably in 
excess of anything which can be done with conventional equipment. It is 
said to be adaptable to factory or field use. 

4.3.2 Canarctic Ventures Ltd. - Laser Project 

This organization located in Richmond, B.C. appears to be a company very 
similar to Majestic Laser. It is also owned by a pipeline contractor and is 
also still in the development phase. 

5.0 IMPACT ON LABOUR MARKET 

5.1 REQUIREMENTS IN LASER MANUFACTURE 

The first and most obvious effect on the demand for labour will be that 


from within the laser manufacturing industry itself. This includes the two 


companies in western Canada which are now in the final stages of product 
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development. The potential demand for labour of all types five years from 
now was discussed with the representative of each of five eastern Canadian 
companies during the fact finding interview. These companies were 
Gen-Tech, Lumonics, M.P.B. Technologies Ltd., Photochemical Research 
Associates Ltd., and Ultra Laser Tech. As most companies regard five 
years as being at the very limit of what can be considered the forseeable 
future, none wanted their estimates of labour needs to be taken as very 


firm. 


Table 1 following presents current employment as reported by each of the 
firms; utilizes the projections of growth offered by those which are now in 
production and assumes the same rate of growth for the two which have 


not yet reached that stage. 


TABLE 1 


PRESENT AND FORECAST EMPLOYMENT IN LASER 
MANUFACTURE IN CANADA BY CLASS OF LABOUR 


Employed Forecast 
Class of Labour in 1983 for 1988 


Engineers & Physicists 


Technologists and Tech'ns 


Assembly Operators 


Total in Industry 
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9.2 LABOUR DEMAND WITHIN EDUCATIONAL INSTITUTIONS 


The growth of the laser industry in Canada will create some new jobs and 
also the need to train persons to fill them. This will have a minor effect 
on the hiring of new technical staff at community colleges and where the 
expertise does not already exist, within the universities. The number of 
such positions within the next five years is undoubtedly small, probably 


no more than five or ten. 


The employment in training institutions may be increased still further to 
provide somewhat modified training in the medical disciplines to which the 
laser is adapted. This training may encompass not only students aiming 
for the professional practice of medicine, but also laboratory technologists 
and technicians who will be required to use and maintain the equipment. 
The resulting demand for trained instructors is again difficult to estimate, 
particularly as the number now available at universities is unknown. It 
does not seem improbable to suggest that there will be at least one techno- 
logist on every university campus who is fairly conversant with a range of 
laser equipment and such an individual might be capable of both main- 
taining the institution's own equipment and also functioning as a demon- 


strator in laboratory courses. 


While we are concerned here only with the possible effects of lasers on 
employment, the introduction of electronics into many areas of science will 
undoubtedly demand different skills in many scientific disciplines. Perhaps 
because much of their equipment is made under their direct supervision 
many research workers are accustomed to maintaining it within their own 
institutions and as new technologies are introduced into their laboratories 


there will be an increasing demand for technicians trained to apply them. 


5.3 LABOUR DEMAND IN THE INDUSTRIAL SECTOR 


Laser equipment is expensive and, in common with most other industrial 


machines, dangerous unless handled properly. For both reasons it is to 
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be expected that manufacturers introducing such equipment will want 
suitable personnel available to operate and maintain it. It seems to be the 
usual practice in the United States for the laser equipment manufacturers 
to undertake all, or most, of the training of their customer's employees 
with respect to the aspects of their new assignments which relate to lasers 
themselves. The prerequisite educational background which these manu- 
facturers expect before accepting candidates for training is not known, 
but may well exceed that commonly found in many of the industries in 
which lasers are, or may be, employed. Thus, a man's clothing manu- 
facturer may have to hire one or more electronic technicians at about the 
same time as an order for a cloth cutting machine is placed. Similar 
considerations would likely apply in firms manufacturing cardboard con- 
tainers if they decided to use a laser cutting tool to make their steel rule 


dies. 


Lasers applied within the electronics industry itself for cutting and trim- 
ming electronic components may be a new tool, but it would not likely be 
beyond the expertise of at least some of the company's personnel to 
acquire the specialized know-how required to use them. There may be an 
opportunity in Canada for the establishment of a laser job shop capable of 
doing a wide range of industrial operations on a custom basis. If such an 
industry could become established it would create some further demand for 


highly skilled and versatile engineers and technicians. 


9.4 DISPLACEMENT OF LABOUR 


One of the principal attractions to management in the purchase of new 
production equipment is the prospect of reduced costs. These are usually 
labour costs and while the persons displaced from a job may find employ- 


ment elsewhere in the company, this is not always the case. 


The analysis of the productivity of a computer controlled laser cutting 
machine in a British sheet metal fabricating shop showed that the one 
machine could do the work of eighteen manual cutters. There are, no 


doubt, similar statistics relating to the employment of cloth cutting 
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machines in the tailoring business or in the fabrication of steel rule dies 
for making paper boxes. 


If laser welding offers anything like the technological advantages which its 
proponents claim this will undoubtedly have a major impact on employment 
in this trade. 


6.0 QUANTITATIVE ESTIMATES OF EFFECTS ON THE LABOUR MARKET 
6.1 EMPLOYMENT BY CANADIAN LASER MANUFACTURERS 


The table of Section 5 showing the forecast of the number of persons 
required by the manufacturing industry is based upon sales forecasts 
offered by each company. If all of these were realized the Canadian 
branch of the laser manufacturing industry would be expanding for the 
next five years at a rate roughly three times that which was attained 
(measured in constant dollars) by the North American industry as a whole 
in the decade 1971 to 1981. While this is not impossible it would be pru- 
dent to consider the estimated labour demand to be at the upper end of 


probability. 


6.2 PENETRATION OF THE INDUSTRIAL MARKET 


From our initial survey it appears that lasers are not yet employed in 
Canadian industry to any significant extent. It seems that there may be 


two quite distinct factors which will influence the development of this 


market. 


As has been noted above, the sale of laser equipment to a manufacturer 
necessitates a good understanding of his processes and this suggests that 
lasers will be applied along industrial lines rather than geographic ones. 
One might, therefore, expect that the Canadian subsidiaries of American 
companies which use lasers would be logical customers here. However, 


the second factor may come into play at this point. Laser equipment being 
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expensive and productive it is sound business to utilize a machine to its 
fullest extent before acquiring a second. Thus it may be that in at least 
some cases production can be shared between the American parent and the 
Canadian branch plant so that all production operations. using the laser 


equipment are done in the U.S. 


Even if the Canadian branch of a U.S. customer were a logical target for a 
sales effort it may be more cost-effective for a company based in California 
to seek new industrial users within its own geographic area rather than 


sticking with exploitation of one industrial sector. 


A determination of the rate at which lasers are likely to be employed in 
Canada and the possible effects on labour would necessitate some additional 


work and this is described briefly in the following. 


7.0 RECOMMENDATIONS FOR FURTHER RESEARCH 


Of all the possible applications of lasers in Canada the one which appears 
to have the greatest immediate potential impact on the labour market is 
their use in the welding of the heavy steel and steel alloys typical of 
pipelines, oil refineries and in ship building. Assessing the potential 
labour effect of these high power welding devices is probably important. 
Many Canadian workers are classified as welders and while only some of 
these would be affected by the laser equipment discussed the number may 


be significant. 


A first step would be to make an estimate of the number of workers whose 
jobs would be at risk if the expectations for the equipment are realized. 
This would provide some indication of the value of a more detailed analysis 
of the market and the preparation of a forecast of the rate at which it 


might develop. 


The rate at which the manufacturing field as a whole can be expected to 
adopt lasers and the possible effects on labour demand which would result 
could best be determined from an analysis of the American experience but 


it is doubtful if this is warranted. 
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